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FIELD EMISSION X-RAY TUBE APPARATUS
FOR FACILITATING CATHODE
REPLACEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority from
Korean Patent Application No. 10-2011-0027942, filed on
Mar. 29, 2011 and Korean Patent Application No. 10-2011-
0134553, filed on Dec. 14, 2011, with the Korean Intellectual
Property Office, the present disclosure of which is incorpo-
rated herein in its entirety by reference.

TECHNICAL FIELD

The present disclosure relates to a field emission X-ray
tube apparatus for facilitating cathode replacement, and more
particularly, to a field emission X-ray tube apparatus for
facilitating cathode replacement in which gates and cathodes
are easily arranged through a joining member and a rotation
preventing guide when gates and insulating spacers are joined
with the cathodes while the cathodes and respective gates
maintain electrical insulation, thereby easily replacing the
cathodes.

BACKGROUND

A general X-ray tube generates X-rays by allowing elec-
trons to collide with a metallic anode target with high energy.
For example, the X-ray tube uses a generation principle of
Bremstralung X-rays or predetermined X-rays generated
according to a material of an anode target. Herein, an electron
source emitting electrons is generally a thermal electron
source.

Meanwhile, an X-ray tube emitting electrons by using nano
materials is provided. The X-ray tube uses a field-emission
emitter. In the case of the X-ray tube, it is important to apply
nano materials, which are effective for field emission, to a
cathode electrode, form a gate electrode in order to apply an
electric field to the nano materials, and seal each structure of
the X-ray tube in a vacuum.

A field emission source has a structure to use electrons
emitted from materials by a tunneling effect when the electric
field is applied to the emitter, unlike the thermal electron
source. A general structure of a field emission source uses a
principle in which the electric field is applied to the emitter on
the cathode by voltage applied between the cathode and the
gate by inserting between the anode and the cathode one or
more gate electrodes having a grid or one or more gate holes
on the emitter. The plurality of gates are additionally installed
between the gate and the anode in addition to a gate inducing
field emission to be used to appropriately control a trajectory
of'an emitted electron beam. When the gate electrode is used
as a mesh, it is advantageous in that the emitter and the gate
holes do not need to be aligned, but gate current that leaks
through the gate holes cannot be prevented.

In order to remove the leakage, the gate holes are aligned
according to an emitter pattern and the gate holes need to be
maintained at a regular interval. When the field emission
source is formed in a large pattern, it is advantageous that the
gate holes are aligned in the emitter pattern, but a distance
between the gate electrode and the emitter increases. There-
fore, it is disadvantageous in that higher voltage is applied to
the gate electrode in order to acquire the same field-emission
current. That is, when the emitter and the gate holes are
formed largely to be aligned by visual inspection, it is easy to
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manufacture the X-ray tube, but it is disadvantageous in that
sufficient field emission occurs only by applying high voltage
to the gate.

On the contrary, when the emitter pattern is formed as an
array to be smaller and the gate holes are also formed as an
array according to the emitter pattern, the cathode and the
gate are installed to be closer to each other, thereby reducing
gate voltage. That is, in order to reduce voltage applied to the
gate, a field-emission emitter is patterned in a small dot array
pattern and when the emitter pattern is aligned with gate holes
having slightly larger sizes, field emission may occur even at
low gate voltage. However, in this case, it is difficult to align
the gate holes and the emitter pattern due to the downsized
emitter pattern, and as a result, it is difficult to manufacture
the X-ray tube. That is, the alignment of the gate holes and the
emitter may not be distinguished by visual inspection, and as
aresult, it is not easy to manufacture the X-ray tube. The gate
electrode and the cathode electrode with the emitter need to
be insulated from each other while maintaining a predeter-
mined distance. It is not easy to join the gate electrode and the
cathode electrode by using a material having small out-gas-
sing which is easily vacuum-sealed with an alignment degree
of approximately hundreds of micrometers.

Meanwhile, the X-ray tube using the field-emission emitter
should include various electrodes including the gate elec-
trode, the emitter electrode, an anode electrode, and the cath-
ode electrode. The size of the X-ray tube increases due to
various electrodes, and as a result, miniaturization is difficult.

SUMMARY

The present disclosure has been made in an effort to pro-
vide a field-emission X-ray tube apparatus for facilitating
cathode replacement in which gates and cathodes are easily
arranged through a joining member and a rotation preventing
guide when gates and insulating spacers are joined with the
cathodes while the cathodes and respective gates maintain
electrical insulation, thereby easily joining/replacing the
cathodes.

An exemplary embodiment of the present disclosure pro-
vides a field-emission X-ray tube apparatus, including: a
cathode emitting electrons through a field-emission emitter;
gates applying an electric field to the field-emission emitter
through a gate electrode with gate holes; a plurality of addi-
tional gates controlling a trajectory of an emitted electron
beam; an anode in which the emitted electros collide with
each other to generate an X-ray; and a rotation preventing
guide preventing the cathode and the plurality of gates from
being misaligned due to rotation even when the cathode and
the gates are rotated by a joining member while the cathode
and the gates are joined to each other by using the joining
member and insulating spacers are inserted among the joining
member, the cathode, and the gate to maintain electrical insu-
lation among the joining member, the cathode, and the gate.

According to exemplary embodiments of the present dis-
closure, a cathode with a field-emission emitter and a gate
with gate holes can be joined so as to be insulated from each
other while easily aligning the gate holes and a pattern of the
field-emission emitter.

When cathode replacement is required, the cathode can be
easily replaced through an inserted O-ring.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-



US 8,942,352 B2

3

ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an assembly diagram of a field-emission X-ray
tube apparatus for facilitating cathode replacement according
to an exemplary embodiment of the present disclosure.

FIG. 2 is a cross-sectional view of the field-emission X-ray
tube apparatus for facilitating cathode replacement according
to the exemplary embodiment of the present disclosure.

FIG. 3 is an explanatory diagram of a joining process
between a cathode and a gate of the field-emission X-ray tube
apparatus according to the exemplary embodiment of the
present disclosure.

FIGS. 4 to 9 are structural diagrams of respective compo-
nents of the field-emission X-ray tube apparatus of FIG. 3
according to the exemplary embodiment of the present dis-
closure.

FIG. 10 is a cross-sectional view of the field-emission
X-ray tube apparatus in which the cathode and the gate are
joined to each other according to the exemplary embodiment
of the present disclosure.

FIG. 11 is an explanatory diagram of a joining structure of
the field-emission X-ray tube apparatus sealed by an O-ring
according to the exemplary embodiment of the present dis-
closure.

FIGS. 12 and 13 are an assembly diagram and an explana-
tory diagram of the field-emission X-ray tube apparatus for
facilitating cathode replacement according to second exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawing, which form a part hereof. The
illustrative embodiments described in the detailed descrip-
tion, drawing, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

FIG. 1 is an assembly diagram of a field-emission X-ray
tube apparatus for facilitating cathode replacement according
to an exemplary embodiment of the present disclosure.

As shown in FIG. 1, an X-ray tube apparatus 10 according
to an exemplary embodiment of the present disclosure
includes an exhaust unit 110, a cathode 130 including a field-
emission emitter 131 formed on a cathode substrate, an insu-
lating spacer 132, a gate 140 with gate holes 142, a fixation
screw 114, a gate external electrode 146 including a female
screw 147, an X-ray withdrawing unit 150, and an anode 160.
Herein, the cathode 130 includes a cathode external electrode
134. The gate 140 includes a cover 143 with a male projection
144. The fixation screw 114 is an example of a fixing device
that fixes the cathode 130, the insulating spacer 132, and the
gate 140 to each other and is not limited to the fixation screw.

Hereinafter, the respective components of the field-emis-
sion X-ray tube apparatus for facilitating cathode replace-
ment according to the exemplary embodiment of the present
disclosure will be described.

The exhaust unit 110 serves to extract air in a tube. For
example, an exhaust tube 111 may be configured by a glass
tube or an anaerobic copper tube which can be pinched off.

Electrons are emitted from the field-emission emitter 131
formed on the cathode 130 substrate.

20

25

30

35

40

45

50

55

60

65

4

The insulating spacer 132 is inserted between the cathode
130 and the gate 140 to maintain a predetermined distance
therebetween to maintain electrical insulation between the
cathode 130 and the gate 140 with the gate holes 142.

An electric field is applied to the field-emission emitter 131
through the gate 140 electrode with the gate holes 142. In
order to apply the electric field to the gate 140, when voltage
is applied to the gate external electrode 146 from the outside
of the tube, the gate external electrode 146 is electrically
connected to the gate 140 through the fixation screw 114 fixed
to the female screw 147 of the gate external electrode 146
with a male screw 115 and the cover 143, and as a result,
voltage is applied to the gate 140. In this case, when cathode
voltage is applied to the cathode 130 through the cathode
external electrode 134 from the outside of the tube, the gate
140 and the cathode 130 are electrically insulated from each
other by the insulating spacer 132.

A convergent electrode 120 converges electrons generated
from the cathode 130. As one example, the convergent elec-
trode 120 may include primary and secondary convergent
electrodes.

The fixation screw 114 may include the male screw 115 and
presses the cover 143 in a screwing direction to fix the cathode
130, the insulating spacer 132, and the gate 140 to each other.
In this case, the cover 143 may move only in the screwing
direction without rotating by engaging with a female projec-
tion 145 formed at the gate external electrode 146 by the male
projection 144.

The X-ray withdrawing unit 150 withdraws X-rays gener-
ated from the anode 160 to the outside through a window.

In the anode 160, the electrons converged by the conver-
gent electrode 120 collide with an anode target to generate the
X-rays. Herein, the anode target may be made of tungsten or
molybdenum.

Meanwhile, a female screw 112 is provided on the top of
the exhaust unit 110 and a male screw 113 is provided on the
bottom of the convergent electrode 120. An O-ring 111 is
inserted between the male screw 112 and the female screw
113 to join the convergent electrode 120 and the exhaust unit
110 to each other. The O-ring 111 facilitates removal or
replacement of the damaged cathode 130 while maintaining a
sealing state of the X-ray tube apparatus 10. Herein, the
exhaust unit 110 and the convergent electrode 120 are used as
an external vacuum container and can be vacuum-joined to
each other by the O-ring.

FIG. 2 is a cross-sectional view of the field-emission X-ray
tube apparatus for facilitating cathode replacement according
to the exemplary embodiment of the present disclosure.

An assembly structure of the components shown in FIG. 1,
that is, a structure in which the exhaust unit 110, the cathode
130 including the field-emission emitter 131, the insulating
spacer 132, the gate 140 with the gate holes 142, the fixation
screw 114, the convergent electrode 120, the X-ray withdraw-
ing unit 150, and the anode 160 are assembled is shown in
FIG. 2.

Herein, in the exhaust unit 110 and the convergent elec-
trode 120, the female screw 112 on the top and the male screw
113 onthe bottom are joined to each other with the O-ring 111
inserted. The field-emission X-ray tube apparatus 10 may
maintain the sealing state by the O-ring 111. The O-ring 111
may be used to easily remove the cathode 130 of the field-
emission X-ray tube apparatus 10. That is, when the field-
emission emitter 131 formed on the cathode 130 is damaged,
the field-emission X-ray tube apparatus 10 can be sealed and
joined through the O-ring 111 even after the damaged field-
emission emitter 131 is removed. That is, when replacing the
damaged cathode 130 with a new cathode, the O-ring 111 is
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inserted between the female screw 112 and the male screw
113 to easily join the female screw 112 and the male screw
113.

FIG. 3 is an explanatory diagram of a joining process
between a cathode and a gate of the field-emission X-ray tube
apparatus according to the exemplary embodiment of the
present disclosure.

FIG. 3 shows the joining structure of the cathode 130
including the field-emission emitter 131 formed on the cath-
ode substrate, the insulating spacer 132, the gate 140 with the
gate holes 142, and the fixation screw 114 with the male screw
115. The joining process in the field-emission X-ray tube
apparatus 10 will be described.

Specifically, the cathode 130 is formed on the cathode
external electrode 134 serving as an external electrode of the
field-emission X-ray tube apparatus 10.

The field-emission emitter 131 is formed on the cathode
substrate of the cathode 130.

The insulating spacer 132 is inserted between the cathode
130 and the gate 140. The insulating spacer 132 may be
inserted into an edge of the cathode substrate of the cathode
130 which is not in contact with the field-emission emitter
131 so that the cathode external electrode 134 maintains a
predetermined distance from the cover 143. Herein, the cover
143 includes the male projection 144.

Thereafter, the gate 140 with the gate holes 142 is joined
onto the insulating spacer 132.

The cover 143 is put on the gate 140 with the gate holes 142
and thereafter, the ring-shaped fixation screw 114 is inserted
while rotating in an arrow direction. Thereafter, the emitter
pattern of the field-emission emitter 131 and the gate holes
142 are aligned by using a microscope while the fixation
screw 114 is slightly fixed so that the gate 140 and the cathode
130 may be aligned by slight friction. When the alignment is
terminated, the ring-shaped fixation screw 114 is fully fixed to
maintain the alignment. In this case, the male screw 115 of the
fixation screw 114 is joined with the female screw 147 of the
gate external electrode 146 to fix the gate 140 and the cathode
130. A distance between the gate 140 and the cathode 130 is
determined by the thickness of the insulating spacer 132
positioned therebetween and insulation therebetween is
maintained.

Even while the fixation screw 114 rotates, the male projec-
tion 144 provided in the cover 143 and the female projection
145 of the gate external electrode 146 engage with each other
to be fixed to prevent the cover 143 from rotating. The emitter
pattern of the field-emission emitter 131 and the gate holes
142 are prevented from being misaligned even while the
fixation screw 114 rotates and presses the emitter pattern and
the gate holes, due to the male projection 144 and the female
projection 145.

FIGS. 4 to 9 are structural diagrams of respective compo-
nents of the field-emission X-ray tube apparatus of FIG. 3
according to the exemplary embodiment of the present dis-
closure.

The cathode external electrode 134, the gate external elec-
trode 146, the cathode 130 with the field-emission emitter
131, the gate 140 with the gate holes 142, the cover 143, and
the fixation screw 114 are shown in FIGS. 4 to 9. Herein,
exhaust holes 135, 133, 148, and 149 are formed in the cath-
ode external electrode 134, the cathode 130, the gate 140, and
the cover 143, respectively, and as a result, air freely flows
into upper and lower parts of a structure. The holes are used
for exhaustion to maintain a vacuum in the field-emission
X-ray tube apparatus 10.

Specifically, as shown in FIG. 4, the exhaust hole 135 is
formed in the cathode external electrode 134.
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As shown in FIG. 5, the female projections 145 are formed
at upper and lower and left and right portions of the gate
external electrode 146. The female projection 145 of the gate
external electrode 146 engages with the male projection 144
of the cover 143 to be fixed.

As shown in FIG. 6, the exhaust hole 133 is formed in the
gate 140 with the field-emission emitter 131.

As shown in FIG. 7, the exhaust hole 148 is formed in the
gate 140 with the gate holes 142. The gate holes 142 may be
made of a thin metallic material so that small holes are easily
formed.

As shown in FIG. 8, the male projections 144 are formed at
the upper and lower and left and right portions of the cover
143. The exhaust hole 149 is formed in the cover 143. Herein,
the male projection 144 of the cover 143 is joined to the
female projection 145 of the gate external electrode 146 to
serve to fix the gate 130.

As shown in FIG. 9, the fixation screw 114 fixes the cover
143 serving as a pressing plate to maintain a predetermined
thickness without bending.

FIG. 10 is a cross-sectional view of the field-emission
X-ray tube apparatus in which the cathode and the gate are
joined to each other according to the exemplary embodiment
of the present disclosure.

A structure of the field-emission X-ray tube apparatus 10
joined according to the joining process of the cathode 130
including the field-emission emitter 131 formed on the cath-
ode substrate, the insulating spacer 132, the gate 140 with the
gate holes 142, the cover 143, and the fixation screw 114 with
the male screw 115, which is shown in FIG. 3, is shown.

The field-emission X-ray tube apparatus 10 in which the
fixation of the cathode 130 and the gate 140 is completed is
shown in FIG. 10. The distance between the gate 140 and the
cathode 130 is determined by the thickness of the insulating
spacer 132 positioned therebetween and insulation therebe-
tween is maintained.

FIG. 11 is an explanatory diagram of a joining structure of
the field-emission X-ray tube apparatus sealed by an O-ring
according to the exemplary embodiment of the present dis-
closure.

As shown in (a) of FIG. 11, the field-emission X-ray tube
apparatus 10 may be joined in the sealing state by the O-ring
111. The field-emission X-ray tube apparatus 10 is joined in
the sealing state and has a structure to easily remove and
replace the damaged field-emission emitter 131. The male
screw 113 positioned in the convergent electrode 120 on the
top is joined to the female screw 112 positioned in the exhaust
unit 110 on the bottom. The O-ring 111 is inserted therebe-
tween. When the top of the convergent electrode 120 and the
bottom of the exhaust unit 110 rotate in a rotating direction to
be in close contact with each other by the male screw 113 and
the female screw 112, vacuum close attachment can be
achieved.

As shown in (b) of FIG. 11, the field-emission X-ray tube
apparatus 10 is inserted with the O-ring 111 and is joined by
the male screw 113 and the female screw 112.

If the cathode 130 is damaged while the field-emission
X-ray tube apparatus 10 is driven, a joining portion of the
O-ring 111 is removed and thereafter, the fixation screw 114
of'the gate 130 is loosened.

A structure between the gate 130 and the cathode 130 is
disassembled and the damaged cathode 130 is removed.

Thereafter, the new cathode 130 is remounted and then the
field-emission X-ray tube apparatus 10 can be sealed again by
using the O-ring 111.

FIGS. 12 and 13 are an assembly diagram and an explana-
tory diagram of the field-emission X-ray tube apparatus for
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facilitating cathode replacement according to second exem-
plary embodiment of the present disclosure.

As shown in FIGS. 12 and 13, a field-emission X-ray tube
apparatus 70 according to the second exemplary embodiment
of the present disclosure includes a cathode 710, first and
second gates 721 and 722, first through third insulating spac-
ers 731 to 733, a cover 741, a fixation screw 742, and a
rotation preventing guide 743.

Hereinafter, duplicated contents of the field-emission
X-ray tube apparatus 70 according to the second exemplary
embodiment of the present disclosure and the field-emission
X-ray tube apparatus 10 according to the first exemplary
embodiment of the present disclosure will be omitted and
differences therebetween will be described. As compared
with the first exemplary embodiment, the cathode, the gate,
and the convergent electrode and an external vacuum tube
joining structure by the O-ring of the second exemplary
embodiment of the present disclosure are similar to those of
the first exemplary embodiment, and thus will not be
described.

The cathode 710, the first and second gates 721 and 722,
the first through third insulating spacers 731 to 733, and the
cover 741 may have polygonal shapes, not a circular shape of
the first exemplary embodiment. As an example, the rectan-
gular cathode 710, first and second gates 721 and 722, first
through third insulating spacers 731 to 733, and cover 741
will be described.

The cathode 710 emits electrons through the field-emission
emitter formed on the cathode substrate.

The first and second gates 721 and 722 apply the electric
field to the field-emission emitter through the gate electrode
with the gate holes.

The first insulating spacer 731 is inserted between the
cathode 71 and the first gate 721 to maintain electrical insu-
lation therebetween. The second insulating spacer 732 is
inserted between the first gate 721 and the second gate 722 to
maintain electrical insulation therebetween. The third insu-
lating spacer 733 is inserted between the second gate 722 and
the cover 741 to maintain electrical insulation therebetween.
Although not clearly shown in FIGS. 12 and 13, an insulator
is inserted between the cathode 71 and the rotation preventing
guide 743, which are insulated from each other and angular
points around the rectangular cathodes 710 are not in contact
with the rotation preventing guide to maintain insulation.

The fixation screw 742 is constituted by a female screw and
a male screw.

When the cathode 710, the first and second gates 721 and
722, the first through third insulating spacers 731 to 733, and
the cover 741 are rectangular, each angular point of the rect-
angular engages with the rotation preventing guide 743, and
as aresult, the cathode 710, the first and second gates 721 and
722, the first through third insulating spacers 1 to 3 731 to
733, and the cover 741 do not rotate even when the fixation
screw 742 rotates.

Gates and cathodes are easily arranged through a fixation
screw and a rotation preventing guide when gates and insu-
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lating spacers are rotated and joined with the cathodes while
the cathodes and respective gates maintain electrical insula-
tion, thereby easily replacing the cathodes. From this point of
view, as the present disclosure exceeds a limit of an existing
technology, marketing or business possibility of an applied
apparatus as well as only using an associated technology is
sufficient and the present disclosure can be obviously worked,
and thus, the present disclosure has industrial applicability.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifica-
tions may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

What is claimed is:

1. A field-emission X-ray tube apparatus, comprising:

a cathode emitting electrons through a field-emission emit-

ter;

at least one gate applying an electric field to the field-

emission emitter through a gate electrode with gate
holes or controlling a trajectory of a withdrawn electron
beam;

an anode in which the emitted electrons collide with each

other to generate an X-ray; and

a rotation preventing guide preventing the cathode and the

at least one gate from being misaligned due to rotation
by a process of joining the cathode to the at least one
gate;

wherein the cathode and the at least one gate are joined to

each other by using a joining member.

2. The field-emission X-ray tube apparatus of claim 1,
wherein at least one insulating spacer is inserted between the
cathode and the at least one gate in order to maintain electrical
insulation and a predetermined distance therebetween.

3. The field-emission X-ray tube apparatus of claim 1,
wherein when the cathode and the at least one gate are fixed
by using the joining member, a cover is inserted on top of the
at least one gate.

4. The field-emission X-ray tube apparatus of claim 3,
wherein a male projection provided in the cover and a female
projection provided in the rotation preventing guide engage
with each other.

5. The field-emission X-ray tube apparatus of claim 3,
wherein when the cover has a polygonal shape, each angular
point of a polygon engages with the rotation preventing guide.

6. The field-emission X-ray tube apparatus of claim 1,
further comprising:

an external vacuum container separated into two parts con-

stituted by a female screw and a male screw and closely
attached in a vacuum state by inserting an O-ring
between the female screw and the male screw.

#* #* #* #* #*
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